. Based upon modelling, we infer that the pile-up arises from the release of latent heat as the cores of the white dwarfs crystallise. In addition to the release of latent heat we find strong evidence that cooling is
further slowed by the liberation of gravitational energy from element sedimentation in the crystallising cores [5] [6] [7] . Our results demonstrate the total energy released by crystallisation in strongly coupled Coulomb plasmas [8] [9] , and the newly measured cooling delays could improve the accuracy of using white dwarfs for age-dating stellar populations 10 .
The white dwarf cooling age at which crystallisation sets in is predicted to depend on the mass (Fig. 1) , with more massive white dwarfs entering this phase transition earlier 3 . Another major event in the evolution of a white dwarf is the direct coupling between the degenerate core and the convective envelope 11 , resulting in an initial slow down in cooling rates followed by an increase.
At the low white dwarf masses (~0.55 M ☉ ) of the old stellar populations in globular clusters, this event occurs at a similar age as crystallisation but has a stronger signature 12 . Previous attempts to measure cooling effects from crystallisation in globular clusters have therefore provided indirect evidence, based on linking the white dwarf and turn-off age determinations 13 . In contrast, crystallisation occurs much earlier than convective coupling in white dwarfs more massive than 0.7 M ☉ . The observational implication of this, predicted over fifty years ago 3 , is an isolated crystallisation sequence in the colour versus absolute magnitude Hertzsprung-Russell (H-R) diagram, yet no direct observational evidence existed until now to characterise this event.
Because of their small radii, typically on the order of 0.01 R ☉ , white dwarfs are intrinsically faint, and consequently until recently very few had accurate distance measurements needed to measure their luminosities 14 . The second Data Release of the European Space Agency Gaia mission 4 (Gaia DR2) has led to a breakthrough, defining the first empirical cooling sequence of field white dwarfs in the H-R diagram 15 . While previous studies have investigated the cooling sequences of white 3 dwarfs in old globular clusters 16 , only a local volume-limited sample will contain white dwarfs spanning the full ranges of total ages and initial masses 17 .
We used a recently established catalogue of high-confidence Gaia white dwarf candidates 18 to extract degenerate stars within 100 pc. The selection function of Gaia was found to be colour and magnitude independent down to the sky-position dependent faint magnitude limit 18 and the median parallax precision of 1.5 percent allows for unambiguous transformation to distances. The 100 pc field white dwarf cooling sequence exhibits a substantial amount of structure (Fig. 2) .
The bifurcation into two sub-sequences in the range −0.1 < GBP − GRP < 0.6 has been shown to be a split between H atmospheres in the upper branch and He-dominated atmospheres in the lower branch 18, 20 . These two branches correspond to cooling tracks at the median (~0.6 M ☉ ) white dwarf mass. More massive white dwarfs have larger absolute magnitudes because of their mass-radius relation 21 and are therefore expected to populate the area below the principal branches. A third separate "transverse" sequence is visible at fainter absolute magnitudes. Unlike the aforementioned bifurcation, this transverse feature is inconsistent with a single-mass cooling track.
This rules out a simple astrophysical explanation such as effects from the mass loss in post-mainsequence evolution or merger products from binary evolution, as these scenarios cannot conceivably result in a tight white dwarf mass versus surface temperature correlation unrelated to the cooling process.
The transverse sequence fully coincides with the range of absolute magnitudes and colours at which the bulk of the latent heat from crystallisation is released for white dwarfs over the full range of masses. The crystallisation sequence is more clearly visible when the sample is restricted to white dwarfs with more simple hydrogen-dominated atmospheres, and for which independent spectroscopic parameters determined from fitting the hydrogen lines 19, 22, 23 . The 100 pc sample was cross-matched with the Galex, 2MASS, WISE, Pan-STARRS and SDSS photometric data sets, and it was determined that white dwarfs within the transverse sequence are under luminous at all wavelengths compared to objects on the dominant cooling sequence, and therefore behave as genuine highmass objects. We conclude that nothing stands out in the atmospheric properties of the white dwarfs in the crystallised sequence, apart from a tight correlation between colour and absolute magnitude. The consistent explanation is crystallisation, a cooling effect that is expected to impact white dwarfs of similar mass and interior composition at the same age, with little influence from the atmospheric composition or the presence of magnetic fields 2,25 .
The crystallised sequence is not a cooling track but a mass-dependent pile-up across the H-R diagram resulting from the white dwarfs spending more time at this location as they release their latent heat. To further characterise this process we have extracted the white dwarf luminosity function in the mass range 0.9-1.1 M ☉ from the Gaia 100 pc sample (Fig. 4) . Two peaks are clearly seen in the luminosity function, one at higher luminosities that is attributed to crystallisation, and the other one at lower luminosities which is unambiguously linked to the finite age of the Galactic disk 10
. At lower masses than those considered, crystallisation occurs at fainter absolute magnitudes where it overlaps both with the convective coupling of the core with the envelope and the peak in the luminosity function caused by the age of the Galactic disk.
We have performed white dwarf population simulations ( and MHe/MWD = 10 −2 ), as well as possible 22 Ne sedimentation 9, 13 . More fundamentally, the existence and location of this bump provides the extremely strong evidence that the observed excess of white dwarfs in the Gaia transverse sequence bears the signature of crystallisation.
We report direct evidence that a first-order phase transition really occurs in high-density Coulomb , necessitating the understanding of these processes when relying on stellar remnants for age-dating stellar populations 10,11 . characterised the accuracy of Gaia measurements and derived parameters for white dwarfs.
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